( H L) 2 Fe 6 with six equivalents of ferrocenium in the presence of bromide ions results in a six-electron oxidation of the Fe 6 core to afford the nominally all-ferric cluster ( H L) 2 Fe 6 Br 6 . The hexabromide cluster is also structurally characterized in a 4+ core oxidation state. A structural comparison of these two clusters provides an insight into the Fe 6 core electronic structure.
Multielectron redox processes are mediated in nature through polynuclear transition metal clusters that comprise the active sites of proteins. [1] [2] [3] [4] Importantly, these clusters self-assemble and function according to the template provided by the protein superstructure. In view of these principles, we have set out to design modular ligand scaffolds that bind metal ions in a proximal arrangement, such that the metal-metal interactions result in a common delocalized electron reservoir shared by the close metal centers. Ultimately, this delocalized polynuclear core can potentially be exploited to drive multielectron reaction chemistry. Toward this end, we recently reported the synthesis of a hexaamine ligand, H LH 6 , that, upon deprotonation, readily binds three metal ions in a vicinal trigonal planar arrangement. ). 6 Owing to the propensity of 1 to rapidly precipitate from solution, along with its general insolubility in organic solvents, a layering technique was employed to grow single crystals of 1. + from the layering still produces crystals of 1, suggesting that ambient oxygen also facilitates the two-electron oxidation. The structure of 1, depicted in Fig. 1 , consists of an edge-bridged octahedral Tables S1 and S2w ). In addition, the Fe 6 core subtends an approximate Fe 6 octahedron of volume 9.413(4) Å 3 . Finally, the cluster features an Fe-Br distance of 2.445(2) Å . We note that while a number of octahedral M 6 X 6 (M = Cu, 7 Zr, 8 Nb, 9 Mo, 10 Ta, 11 W, 12 Re 13 ) clusters have been previously isolated, to the best of our knowledge, compound 1 represents the first example of a structurally characterized octahedral M 6 X 6 cluster comprised of a Group VIII metal core not supported by an interstitial oxygen atom. 14, 15 The variable-temperature dc magnetic susceptibility data for 1, collected on a powder sample under an applied field of 1 T, is depicted in Fig. 2 6 cluster core can best be described by a delocalized electronic structure, where a spin ground state remains isolated from the excited states up to at least 300 K. obtained for 1 in the range 100-300 K is consistent with the exclusive thermal population of an S = 1 spin ground state, with a value of g slightly larger than 2.00 and a small temperature-independent paramagnetic contribution to the susceptibility. The precipitous decline below 100 K likely results from significant zero-field splitting, Zeeman splitting, and/or weak intermolecular antiferromagnetic exchange interactions. Attempts to cleanly isolate compounds containing the hexabromide cluster in other oxidation states have thus far produced mixtures of insoluble products, possibly containing a distribution of redox isomers bearing a range of ligand combinations. Nevertheless, treatment of the cationic cluster [( H L) 2 Fig. S3w ). The most notable difference is that the core is significantly expanded compared to that of 1, with a mean Fe-Fe distance of 2.758(2) Å and a volume of 9.885(3) Å 3 (see Tables S3 and S4w ). This volumetric increase represents a core expansion of 5% in moving from 1 to 2. In addition, the structure of 2 features a mean Fe-Br distance of 2.504(1), which is considerably longer than that observed in 1. 6 ] 4+ with bromide. Work is underway to explore the coordination chemistry of the Fe 6 platform by preparing related clusters featuring other monoanionic ligands. Comparing data from physical measurements, such as Mo¨ssbauer spectroscopy and magnetic susceptibility, across a series of these clusters will enable a systematic examination of the effects of ligand strength and bonding interactions on the Fe 6 core electronic structure.
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